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Scenario  Lower Emissions Higher
Emissions 
Year  2050 2100 2050 2100 
FEMA 1998 Stillwater Elevation  8.9 8.9 8.9 8.9 
Subsidence  0.024 0.043 0.024 0.043 
Dynamic  NE 0.52 NE 0.79 
Eustatic  0.66 1.6 1.4 4.6 
Total Predicted Stillwater Elevation 9.5 11.1 10.3 14.3 




































































































Highest Astronomical Tide  HAT 20.5 6.69
Mean Higher‐High Water  MHHW 18.46 4.65
Mean High Water  MHW 18.02 4.21
Mean Diurnal Tide Level  DTL 13.51 ‐0.30
Mean Sea Level  MSL 13.49 ‐0.32
Mean Tide Level  MTL 13.46 ‐0.35
Mean Low Water  MLW 8.9 ‐4.91









Marine Environments  Below MTL ‐∞ to ‐0.35  1 
Low Marsh Elevations  MTL to MHW ‐0.35 to 4.21 2 
High Marsh Elevations  MHW to HAT  4.21 to 6.69 3 
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   43.8% 56.2% 100.0%

















   47.7% 52.3% 100.0%



















































   23.3% 76.7% 100.0% 





































CSL  SLR 1 Ft SLR 2 Ft SLR 3 Ft 
Marine 
Environments 
Below MTL  ‐∞ to ‐0.35  ‐∞ to  0.65  ‐∞ to 1.65  ‐∞ to 2.65  1
Low Marsh 
Elevations 
MTL to MHW  ‐0.35 to 4.21 0.65 to 5.21 1.65 to 6.21 2.26 to 7.21  2
High Marsh 
Elevations 
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Low Marsh + High Marsh
Low Marsh Now
Low Marsh + High Marsh Now




























































































































































































































































































Rail  1           1  2 
Road  7  1  14  2  2  44  70 
Road with 
Impoundment  1     1  2  7  11 
Dam  1  1     1  3  16  22 
Other  1  1  4  3  8  17 
None  6                 6 
Total  17  2  15  8  10  76  128 
 
 











































































































Line 1: (Upstream) Median =5.595, MAD =0.043
Line 2: (Upstream) Median =6.22, MAD =0.244
Line 3: (Downstream) Median =4.38, MAD =1.439
Line 4: (Downstream) Median =5.432, MAD =0.139










































































































Site  Low Marsh  High Marsh  Entire Wetland 
TR08  N/A  199%  271% 
TR18  423%  ‐67%  19% 
TR201  N/A  76%  164% 
TR211  1027%  ‐68%  24% 
TR44  4188%  ‐18%  75% 
TR46  N/A  124%  215% 
TR56  957%  23%  106% 
TR60  348%  295%  305% 
TR62  1504%  4%  92% 
TR632  98836%  ‐41%  52% 
TR67  N/A  N/A N/A 
TR88  7.767555135  8%  89% 
TR893  624.2857143  127%  210% 
TR903  N/A  20327%  20338% 
TR96  1375.615385  ‐12%  84% 
TR974  N/A  21657%  21683% 
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(1) The MELCD data set available from the Maine Office of GIS includes data on developed land use 
categories. We tested whether these land use categories provide a useful surrogate for areas where 
conflict with wetland migration is likely. 
(2) We examined whether a buffer around the MELCD developed land uses would better serve that 
function. 
(3) We looked at whether application of a buffer around areas of impervious surfaces35 would provide a 
useful indicator of future conflict with development. 
After reviewing the “conflict” data layers produced each way, we concluded that the MELCD cover classes are 
not well suited to this purpose.  These data focus on broad land use categories, not structures.  By including 
areas associated with dwellings and other development within their developed land categories, MELCD cover 
classes are likely to overestimate the area that will be strongly defended.  By failing to identify the locations 
of individual structures, on the other hand, they also may overlook locations where conflict may be 
significant. 
Our final “conflict” data layers are based on looking at areas of present-day impervious surfaces.  We 
calculated a 75 foot buffer around areas of impervious surfaces based on a 1m resolution impervious cover 
data from 2007.  Any area within the 75 foot buffer, which also overlapped (current or projected) tidal marsh 
elevation, was considered to have the potential for conflict between human activity and landward migration 
of intertidal areas.  Conflict will not occur at all such locations, but almost all areas where problems will arise 
in the future will fall within these areas. 
To develop the “conflict” data layers, we first converted the 2007 impervious cover data from raster to 
polygon format.  We then calculated a 75 foot buffer around the impervious polygons. We overlaid the 
impervious cover buffer data on the wetland change data layers for one foot, two foot and three foot sea 
level rise scenarios.36  
Reviewing and Revising the Materials 
We met with Anna Breinich, Brunswick’s Director of Planning and Development, to gather feedback on the 
information package we had assembled.  As chance would have it, Brunswick has also been working with 
Peter Slovinsky, Steve Walker, and students at Bowdoin College on similar projects. Steve Walker also 
attended the meeting. 
The participants in the meeting made several suggestions to improve on our draft maps.  They suggested that 
we should overlay parcel boundaries over the wetland conflict maps, and we should include data on known 
tidal barriers.  Both have been added to the example materials provided in Appendix B. 
 
                                                             
35
 We received 2007 data on impervious surfaces directly from the Maine Department of Inland Fisheries and 
Wildlife in June of 2012. 
36
 The resulting data layers are included in the data distribution as “Conflicts_1ft_SLR”, “Conflicts_2ft_SLR”, 
and“Conflicts_3ft_SLR 
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LAND USE PLANNING FOR SEA LEVEL RISE:  
A Planner’s Toolkit for Communities  
Along Casco Bay, Maine  
BRUNSWICK EDITION 
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The Intergovernmental Panel on Climate Change (IPCC) released a report in 2007 documenting a rise in 
average global temperatures, ocean temperatures and sea level rise. The sea level off of Maine’s 3,478 
miles of coastline, as measured by the Portland, Maine tide gauge, has been rising at a rate of 1.8 + 
0.1mm/yr since 1912. This is markedly similar to the global average sea level rise determined by the 
IPCC.  The most likely impacts of sea level rise in Maine will be inland migration of beaches, dunes and 
salt marshes over the next century.   
 
Coastal wetlands are economically, environmentally and socially significant resources. They provide 
flood storage, flood protection, storm surge buffers, erosion control, water quality improvements, and 
wildlife habitat. Commercial fishing, shellfishing and outdoor recreation also contribute millions of      
dollars to Maine’s economy and are dependent on healthy wetlands. Coastal communities and those 
along critical watershed areas will have to plan a comprehensive response to the changes in topography 
suggested by the projected impacts of sea level rise. 
 
The unique geological make-up of Maine’s coastline is characterized by very different coastal estuarine 
environments which are a direct result of prehistoric glacial activity. This had led geologists such as  
Joseph T. Kelly, to subdivide the coast into four compartments. The Casco Bay region is significantly   
different from the Saco Bay region, which is different from the Penobscot Bay Region as well as the far 
northeast region around Cobscook Bay. Thus Maine’s tidal wetlands are diverse, so the impacts of and 
responses of those wetlands to sea level rise are likely to be markedly different in each of those four  
regions. 
 
The Casco Bay watershed comprises 986 square miles, stretching from the mountains near Bethel to the 
coastal waters of Phippsburg and Cape Elizabeth.  Home to nearly 20 percent of Maine's population, the 
watershed contains 42 municipalities, including some of the state's largest and fastest growing 
towns. The Casco Bay Estuary Partnership (CBEP), one of 28 National Estuary Programs nationwide, is a 
collaborative effort of people and organizations interested in protecting and restoring the Bay. Our  
partnership includes local, state and federal government organizations, non-profits, local businesses, 




Thirteen coastal municipalities in the Casco Bay Watershed Region were included in a study which 
looked at potential areas of marsh migration and possible impacts to existing developed areas due to 
tidal inundation from projected sea level rise scenarios. A map showing the entire study area with  
identified areas of potential marsh migration and/or conflict with existing development can be seen in 
Figure 2. 
 
The study is based on a detailed analysis of high resolution elevation data derived from “LIDAR”  
technologies. LIDAR is technology similar to RADAR that uses light waves instead of radio waves to 
measure distance from a plane to the ground.  Raw LIDAR data is post-processed to produce a “Digital 
Elevation Model” (DEM) that shows estimated ground elevations free of buildings, trees, and other  
obstructions.  The resulting DEM can be highly accurate, with elevations estimated every few feet, with 
absolute vertical errors typically less than a foot or so, and relative vertical errors much smaller than 
that on a local scale. 
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Two sources of LIDAR data were used in this analysis: (1) FEMA South Coast LIDAR 2006, (2) LIDAR for 
the Northeast 2011.  Both data sets were acquired as DEM tiles from the University of Southern Maine’s 
Geographic Information Systems Laboratory in spring of 2011.  As received, the two data sets were 
based on different units of measure (feet vs. meters), so the LIDAR for the Northeast 2011 was scaled 
and resampled using bilinear interpolation before the two data sets were combined to produce a single 
composite LIDAR DEM for all of Casco Bay. 
 
LIDAR data was combined with information on tidal heights compiled by NOAA for the Portland tide 
gauge in order to identify portions of the shoreline that lie within the upper intertidal zone, between the 
Mean Tide Level or MTL and the Highest Annual Tide, (HAT).  These elevations are roughly coincident 
with the lower and upper limit of salt marsh development in Maine.  Not every location at these  
elevations, however, will develop salt marsh.  Salt marshes only occur where other environmental  
conditions are also suitable, such as having suitable soils, low slopes and low to moderate wave  
exposure.  Nevertheless, in areas with existing tidal marsh, the overlap between existing salt marsh and 
areas identified solely on the basis of elevation is quite good. In the map below (Figure 1) you can see an 
overlay of CBEP’s elevation polygons (outlined in read and orange as high and low marsh areas)        
compared to the  National Wetlands Inventory mapped wetlands (the white areas) for a particular area 
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It is important to understand that the maps we have produced are not maps of flood risk, but maps of 
the projected upper intertidal zone.  The areas highlighted in these maps are, in the absence of efforts 
to protect them from the ocean, expected to be flooded on a regular basis (daily to annually) due to the 
action of the tides.  Significantly larger areas may be at risk of inundation or flooding due to storms 
Because the maps we have produced to date are based solely on elevation, there may be areas in your 
community which show up as sitting at the proper elevation for tidal marsh development, which do not 
now harbor salt marshes.  Typically such areas are beaches, rocky shores, or the base of steep bluffs, so 
there is little chance for confusion, but the maps need to be read with care. 
 
To predict where the upper intertidal zone (and thus tidal wetland) may exist in the future, we  
developed similar maps showing elevations suitable for tidal marsh development under three sea level 
rise scenarios: one foot, two feet, and three feet of sea level rise.  While these scenarios are not tied to 
specific climate change or sea level rise models, they are consistent with modeling efforts.  A recent 
analysis of climate change for the Casco Bay region commissioned by CBEP suggests that increases in sea 
level on the order of one foot are likely by the middle of the century, while increases of two to well over 
three feet are possible by 2100 (See table 1). 
 
In general, the shoreline in this region is characterized by steep rocky slopes, so we are more fortunate 
than our southern neighbors in that our coastline may not be as affected by tidal inundation. However, 
where we have mapped upper intertidal zone areas, we do see areas where existing development (as 
suggested by looking at 2007 data on impervious surfaces) may be vulnerable to inundation in the  
future or be in conflict with landward migration of tidal marshes as sea level increases. 
 
TABLE 1: 
Estimates of future stillwater elevations at the Portland tide gauge under lower and higher greenhouse 
gas emissions scenarios (all estimates in feet relative to NAVD 1988; based on CBEP 2010 report). 
 
 
Scenario Lower Emissions  Higher Emissions  
Year 2050 2100 2050 2100 
FEMA 1998 Stillwater Elevation 8.9 8.9 8.9 8.9 
Subsidence 0.024 0.043 0.024 0.043 
Dynamic NE 0.52 NE 0.79 
Eustatic 0.66 1.6 1.4 4.6 
Total Predicted Stillwater Elevation (ft) 9.5 11.1 10.3 14.3 
Net Change in Sea Level 0.6 2.2 1.4 5.4 
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This Toolkit is designed to help each municipality in our study area understand its risk levels, potential 
impacts, and to assist them in exploring possible policy-making actions for the decision-making process. 
The U.S. Environmental Protection Agency (EPA) produced a publication titled Synthesis Of Adaptation 
Options For Coastal Areas in January, 2009 which identifies several planning and management options 
for coastal communities. In a nutshell, the options available are: plan for and mitigate potential future 
impacts, adapt to impacts as they happen, or do nothing. In more detail, the EPA essentially divides 
these options into two broad categories: timing of response (proactive vs reactive), and type of response 
(e.g. physical, technological, institutional). The suggested options are then further organized by  
management goals.  Although somewhat contentious, one of the newest and potentially most flexible 
options is to develop rolling easements. All of these options and their related action plans will be  
provided in this toolkit, although any option must be tailored to suit the specific needs, capacity,  
geomorphology, and policies of the communities which utilize them. 
 
In Brunswick, Maine, we have identified seven primary areas as being at risk of conflict between rising 
seas and existing developed areas and/or areas where we see potential marsh migration.  
 
These areas are identified as: 
 
1. Maquoit Bay 
2.  Merepoint Bay 
3. Middle Bay 
3. Harpswell Cove 
4. Buttermilk Cove 
5. Woodward Cove 
6. Thomas Bay 
7. Bridge to Bath 
8. New Meadows River 
 
Two maps were produced for each area:  
1. Areas of concern for conflict between existing development and a one-foot sea level rise 
2. Areas of concern for conflict between existing development and a three-foot sea level rise 
 
A map of the entire Brunswick area can be seen in Figure 3. Each area of concern is outlined in blue and 
identified by the abbreviation Br and its assigned number. As mentioned previously, caution must be 
taken when interpreting these maps as some of the areas may or may not pose any serious future risk 
for tidal inundation. Local knowledge of these areas will be necessary to more accurately gauge whether 
or not they are areas of concern for Brunswick according to current or future development plans,  
comprehensive plans, or conservation plans. Some areas may pose concern in regard to existing or  
future infrastructure and other areas may see more significant changes in regard to wetland type and, 
subsequently, habitat. Below is a  brief description of why each area was chosen  in order to  
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Br1: Maquoit Bay 
 
Figures 4 and 5 show  areas in Maquoit Bay that are potentially in conflict with development due to a 
one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current wetlands 
exist and areas in yellow are where wetlands may  disappear.  The areas in orange show potential inland 
marsh migration that do not seem to pose a conflict with current development. The areas in pink show 
potential marsh migration into  areas where there is existing development that may be in conflict from 
tidal inundation. When you compare Figures 4 and 5, you will notice that wetland areas which are       
adjacent to water will begin to disappear under the surface of rising sea levels and so you may see some 
loss of wetlands in those particular locations as marshes begin to move inland. However, when you look 
at the 3 foot sea level rise projection, you will also notice an increase in marsh area upland. The result 
may be a zero net gain or loss of wetlands as they migrate inward. Regardless, the migration of these 
wetland areas may impact existing roads such as Rossmore, Maquoit and Woodside. 
 
Br2: Merepoint Bay 
 
Figures 6 and 7 show  areas in Merepoint Bay that are potentially in conflict with development due to a 
one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current wetlands 
exist and areas in yellow are where wetlands may  disappear.  The areas in orange show potential inland 
marsh migration that do not seem to pose a conflict with current development. The areas in pink show 
potential marsh migration into  areas where there is existing development that may be in conflict from 
tidal inundation. When you compare Figures 6 and 7, you will notice that wetland areas which are       
adjacent to water will begin to disappear under the surface of rising sea levels and so you may see some 
loss of wetlands in those particular locations as marshes begin to move inland. However, when you look 
at the 3 foot sea level rise projection, you will also notice an increase in marsh area upland. The result 
may be a zero net gain or loss of wetlands as they migrate inward. We do not see much conflict with 
existing development except for the tidal barrier labeled as a road on these two maps. This item which is 
indicated as a tidal barrier is actually a foot bridge but it may be at risk of getting flooded over with a 
rise in sea level. 
 
Br3: Middle Bay 
 
Figures 8 and 9 show  areas in Middle Bay that are potentially in conflict with development due to a one 
foot rise and a three foot rise in sea level, respectively. Areas in blue are where current wetlands exist 
and areas in yellow are where wetlands may  disappear.  The areas in orange show potential inland 
marsh migration that do not seem to pose a conflict with current development. The areas in pink show 
potential marsh migration into  areas where there is existing development that may be in conflict from 
tidal inundation. When you compare Figures 8 and 9, you will notice that wetland areas which are       
adjacent to water will begin to disappear under the surface of rising sea levels and so you may see some 
loss of wetlands in those particular locations as marshes begin to move inland. However, when you look 
at the 3 foot sea level rise projection, you will also notice an increase in marsh area upland. The result 
may be a zero net gain or loss of wetlands as they migrate inward. Perhaps the most notable difference 
between these two maps is seen in Map 9 where, if you look at the south end of Middle Bay, you can 
see that the wetland area begins to touch the nearby wetland area from Skolfield Cove. The migration of 
marsh area joining the marsh area by Skolfield Cove may impact Route 123  in addition to possible     
impacts further up Route 123 where you may see some marsh  migration upland. 
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Br4: Harpswell Cove 
 
Figures 10 and 11 show  areas in Harpswell Cove that are potentially in conflict with development due to 
a one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current wetlands 
exist and areas in yellow are where wetlands may  disappear.  The areas in orange show potential inland 
marsh migration that do not seem to pose a conflict with current development. The areas in pink show 
potential marsh migration into  areas where there is existing development that may be in conflict from 
tidal inundation. When you compare Figure 10 to Figure 11, you will notice that the tributary which ex-
tends up from Harpswell Cove begins to increase in size and length.  Although there is a small amount 
wetland loss at a 3 foot sea level rise, the increase in marsh area is most notable. At the 3 foot sea level 
rise projection, you will see that the migration of this wetland area may impact existing roads such as 
Liberty Crossing and Ordinance Road as well as the golf course to the west of the marsh land. 
 
Br5: Buttermilk Cove 
 
Figures 12 and 13 show  areas in Buttermilk Cove that are potentially in conflict with development due 
to a one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current         
wetlands exist and areas in yellow are where wetlands may  disappear.  The areas in orange show      
potential inland marsh migration that do not seem to pose a conflict with current development. The  
areas in pink show potential marsh migration into  areas where there is existing development that may 
be in conflict from tidal inundation. When you compare Figure 12 to Figure 13, you will see  a small 
amount wetland gain and loss at a 3 foot sea level rise, but it does not appear to be significant.  You will 
see, however,  that the migration of this wetland area may impact existing roads such as Princes Point 
Road, Route 24 and Coombs Road. 
 
Br6: Woodward Cove 
 
Figures 14 and 15 show  areas in Woodward Cove that are potentially in conflict with development due 
to a one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current         
wetlands exist and areas in yellow are where wetlands may  disappear.  The areas in orange show      
potential inland marsh migration that do not seem to pose a conflict with current development. The  
areas in pink show potential marsh migration into  areas where there is existing development that may 
be in conflict from tidal inundation. Although there is a small amount wetland gain and loss at a 3 foot 
sea level rise, this does not appear to be significant.  It appears that there may be some conflicts on the 
north end of Upper Coombs Island. However, the Kimberly Circle area as well as the residential and 
Route 24 areas at the tip of the marsh may also see future impacts due to marsh migration close to 
homes and roads. 
 
Br7: Thomas Bay 
 
Figures 16 and 17 show  areas in Thomas Bay that are potentially in conflict with development due to a 
one foot rise and a three foot rise in sea level, respectively. Areas in blue are where current wetlands 
exist and areas in yellow are where wetlands may  disappear.  The areas in orange show  potential 
inland marsh migration that do not seem to pose a conflict with current development. The  areas in pink 
show potential marsh migration into  areas where there is existing development that may be in conflict 
from tidal inundation. Although there is a small amount wetland loss at a 3 foot sea level rise, this does 
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not appear to be significant.  There does appear to be a significant amount of new marsh area created 
between the eastern side of Thomas Bay around Howard’s Point. Most of the conflict with existing     
development occurs near Howard’s Point Lane, Thomas Point Beach Road, Adams Road, Varney Lane, 
Cranberry Drive which leads to the Mid Coast Hospital, and Hale Street next to Bath Road.  
 
Br8: The Bridge to Bath  
 
Figures 18 and 19 show  areas around the bridge to Bath that are potentially in conflict with                 
development due to a one foot rise and a three foot rise in sea level, respectively. Areas in blue are 
where current wetlands exist and areas in yellow are where wetlands may  disappear.  The areas in or-
ange show  potential inland marsh migration that do not seem to pose a conflict with current develop-
ment. The  areas in pink show potential marsh migration into  areas where there is existing development 
that may be in conflict from tidal inundation. The most significant area of concern is the area around 
Bath Road where a 3 foot sea level rise may impact the New Meadows Marina as well as other          
commercial and residential property and roads in that area and in the area between Bath Road and the 
Railroad tracks. 
 
Br9: New Meadows River  
 
Figures 20 and 21 show  areas around the New Meadows River that are potentially in conflict with                 
development due to a one foot rise and a three foot rise in sea level, respectively. Areas in blue are 
where current wetlands exist and areas in yellow are where wetlands may  disappear.  The areas in    
orange show  potential inland marsh migration that do not seem to pose a conflict with current          
development. The  areas in pink show potential marsh migration into  areas where there is existing    
development that may be in conflict from tidal inundation. The most striking difference you will notice is 
a significant loss of wetland north of Old Bath Road which is projected to be inundated from sea level 
rise at the 3 foot sea level rise scenario. There may be some conflict with existing development on an 
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 FIGURE 6 
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